Robust Mobility Modeling (RMM)

Point of Contact: Dr. Niki C. Deliman
USAERDC
Waterways Experiment Station
Vicksburg, Mississippi

guestions/comments can be directed to:
deliman@mail.wes.army.mil
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RMM: Problem Definition

* Previous off-road mobility modeling efforts focused on
maximum speed potential (e.g., NRMM)

 Modeling off-road mobility at lessthan 100% throttle
and on a high-fidelity scale for multiple passesiscritical
for

— virtual environments
— procurement
— training
« Scenesand images can bereadily produced but will not

meet the needs of the vehicle developer or training
environment unlessthe physicsisrealistically portrayed
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RMM: Purpose & Scope

 Purpose: model sail - tire/ track interaction for a
vehicle moving along atraverse

* Involvescharacterizing inter-relationships between
o load distribution
+ Sinkage
+ Motion resistance
. S”p
o tractiveforce
» SOIl properties

e SCope:
— off-road vehicle mobility
— wheeled and tracked vehicles
— straight-line motion
— defor mable soil conditions
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RMM: Research Objectives

* Develop load-sinkage and traction-dlip algorithmsto
describe soil-track or soil-tireinteraction

— theoretically based
— validated with field testing

e Produce a mobility modeling capability by integrating
algorithmsinto existing vehicle dynamics platforms

— Incorporate traver se characteristics
— portable to various models/systems
— capable of evaluating concept vehicles
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» “Put physics behind the scenes’
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RMM: Approach

« Utilize readily available parameters (e.g., cone index)
* Incorporate effects of repeated loading on soils
 Employ dynamically loaded footing analogy

 Generatetimehistory of load distribution from vehicle
dynamics models

e Couple soil response and vehicle dynamics modelsto
create action-reaction segquences
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RMM: Milestones

FY93-96 Accomplishments

Developed load-sinkage algorithms for wheeled and
tracked vehicles

Conducted ongoing validation of algorithmsviafield tests

Developed traction-dlip relationships for wheeled and
tracked vehicles

|ntegrated traction-dip algorithms for wheeled and tracked
vehiclesinto RMM

Coupled soil response algorithms with vehicle dynamics
model

Developed demonstration capability on VEHDY N platform

|nvestigated utility of Weighmat technology jointly with
Airfields and Pavements Division
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RMM: FY97 Milestones

Validate traction/dip algorithmsfor tracked and
wheeled vehiclesfor integration intoRMM............... 3Q97

Complete development of robust theor etical mobility
modeling set incor porating non-linear and hysteretic
vehicle-terrain interaction..........ccoevvvveeeeeeeeeeeeeeeeeeennee, 4Q97

Completevalidation of RMM algorithms................. 4Q97
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RMM: Ongoing Activities

* Field validation and data collection
— multiple measurementsalong atraverse

— measur e wheel speed, vehicle speed, throttle position,
tractive force, cone index, and sinkage

— evaluate left and right ruts at several stations

e Integration of traction-dlip relationshipsinto soil
response - vehicle dynamics platform

— acceleration/deceleration
— variablethrottle position
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RMM: Field Tests

FACTORS LEVELS

Soil Type Clay, Silt, Sand

Vehicle HMMWYV (2), M 1078, M 923A2,
M113A2, M2

Speed Constant, Variable
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RMM: Field Tests

The next 2 dlides present sinkage data and
corresponding cone index data collected during
validation testing with the M 1078

Note: maximum sinkage (considering consecutive
passes) occurs after thefirst vehicle passage

Note: soil strength (coneindex) increases with the
number of passes

Algorithms developed under the RMM program model
resultant load, sinkage, motion resistance, traction, and
dip for a specified vehicletraversing a deformable
medium
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Field Test: LMTV (M1078) Unloaded
Slow Speed Left Rut 5-21-96
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Field Test: LMTV (M1078) Unloaded
Slow Speed Left Rut 5-21-96

| station 1
data

station 3
data

Cone Index (psi)

pass. 01231015

01231015 01231015

soil depth (inches):

Hoo6O6-12 M12-18 M18-24
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Summary

 Work effort will result in a capability to
— evaluate off-road mobility at higher fidelity

— support futureresearch endeavorsfor virtual
environments

— explorevehicle design changes

« Algorithmsportableto various vehicle dynamics
platforms

 Methodology will
— Include dynamic mass
— Incor por ate multi-pass r epresentation
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— model mobility at less-than-maximum potential
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